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i PDP1 Architecture

= Von Neumann architecture
= 4096 18-Bit core memory
= AC and IO registers

= 18-Bit instructions
= 5-bit opcode
= 1-bit indirection
» 12-bit address
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PDP1 Instruction set

= Memory reference instructions
= Arithmetic instructions
= Logic instructions
= General instructions

= Augmented instructions
=« Literal instruction
= Shift / rotate instructions
= Skip instructions
= Operate instructions



PDP1 Instruction set

Memory Reference Instructions

Op Code Address
00 10 xct 20 lac 30 dip 40 add 50 sad 60 jmp 70 law
02and 12 22 32 dio 42 sub 52 sas 62 jsp 72 ue
04 ior 14 24 dac 34 dzm 44 idx S4mul ©O64skp 74
06 xor 16 cal 26 dap 36 * 46 isp 56 div 66 sft 76 opr



ALU Instructions

add Y 40 add
sub Y 42 subtract
mus Y 54 multiply step

dis Y 56 divide step

idx Y 44 increment

isp Y 46 increment and skip if positive
and Y 2 logical and

xor 'Y 6 exclusive or

ior Y 4 inclusive or



i Register Instructions

lacY

C
C

C

acyY
ap Y
pY

lioY
dioY
dzmY

20 load accumulator

24 deposit accumulator

26 deposit address part

30 deposit instruction part
22 load in-out register

32 load in-out register

34 deposit zero in memory




i Transfer Instructions

Xxct'Y
jmp Y
jsp Y
cal Y
jda'Y
sad Y
sas Y

10 execute

60 jump

62 jump and save program counter
16 call subroutiine

17 jump and deposit accumulator
50 skip if accumulator and Y differ

52 skip if accumulator and Y are the
same



i Shift/Rotate Instructions

SzZa
spa
sma
azo
Spi
SZS
szf

640100 s
640200 s
640400 s
641000 s
642000 s

I
K
I
I

Y

D On zero accumulator

D on plus accumulator

D on minus accumulator
D on zero overflow

D on p

640010-640070 s
640001-640007/ s

us 0 register
Kip on zero switch

Kip of zero program flag



PDP1 Instruction set

Shift/'Rotate Instructions
66 R/L|SR| IO | AC Shift/Rotate Bits
R/L SR 10/AC Shift/Rotate Bits
0: Right 0: Rotate  01: Accumulator Each hit set causes 1 bit shift
1: Left  1: Shift  11: IO register Allows up to 9 bit shifts

11: Accumulator-10 register



i Shift/Rotate Instructions

rar
ral
sar
sal
rir
ril
Sir
sil
rcr
rcl
Scr
scl

671
661
675
665
672
662
676
666
673
663
677
667

rotate accumulator right
rotate accumulator left
shift accumulator right
shift accumulator left
rotate io register right
rotate io register left
shift io register right
shift io register left
rotate ac and io right
rotate ac and io left
shift ac and io right
shift ac and io left



PDP1 Instruction set

SKip Instructions

64 I IOP|OV| M | P | Z Swich Flag

I IOP Skip on plus 10 Switch: Skip on zero swich

0: Normal OV Skip on overflow Flag: Skip of zero program flag
1: Invert M Skip on minus AC

P Skip on plus AC

Z  Skip on zero AC




i Miscelaneous Instructions

lot /2nnnn  Input-Output operations
law N 70nnnn  load accumulator with N



i Deviations from PDP1

= Indirection bit not allowed in memory

= Memory can be incremented and
decremented

= Shift / rotate one bit at a time
= O instructions use AC, not IO register

= 2's complement arithmetic, not 1's
complement



i FPGA Implementation

= Synthesis

= Simulation

= Programming
= Debugging



i FPGA Implementation

= Pdp1_chip.vhd
= Pdpl.vhd

= Uartl.vhd

= Gpio.vhd

= Pdpl.Ipf




# Lattice Diamond - Source Editor - [Ci/lsco/epdpl/impll/source/gpiol.vhd]
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-- ¥ File: pdpl. vhd w
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-— ¥ 02729712 Chen-Hanson Ting Back to pdpl *
-- ¥ 05/1&8/1le C. H. Ting Port to PDPL *
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File  Edit Zearch Miew ‘Workspace Design  Simulation MWaveform  Tools  Window  Help
ol xsE @y B80S 00 £ | »rp W0 W %= (= 5=
@Ol ASRBRER LA« »ddh e e B B % O R e [
|E pdpl_chip l{hehavimﬂ Signal name Yalue S - X - - X X -
Hierarchy HE e aclk s | 4834307 994 ps |
- arst 1
+{F pdpl_chip (b.. |& =
arbiclk 1]
@ std.standard - 4d 1
[+ nrCpU_adar...
& 5td.TEXTIO pU_aagr.
. . E arcpu_data_i 35040
[ F | ieee.std_logi... i
— HE arcpu_data.. | 00000 }: o000 Y { ooooo D: noona D’ aoonn D‘ o000 E noona ::|
| ||| arcpuio_r. O [ || | | | | | | | | |
Mame [+ ||| wcpu_iow. 0 | | | | | | |
o aclk I arcpu_m_r.. 1
S E arepu_m_w. 0 | ] ] [ ] |
) E armemary_... 35040
B uart_
- E rruarnt_addr 1
- uart.o wuar_ce 0 [ | | | | | | | | | |
= ioport_l aruart_cts 1
= joport_1 aryart_data.. | OFFFF i OFFFF Y iy iy Y |
= joport_2 o-Lart_i L e e P P
= ioport 3 = uart_o 0 U 1T [ oy I rr e e L
. arart_rs 1
= joport_4
aruart_re e 1]
= joport_5 |
oy
ioport_f Curzor 1 (4534 307 934 ps |
<= japart_7 - 4 | |
1] 10 3
ElFiles; & 5t... /‘GRe.../ | @ pdpl. vhd ;& uartl. vhd MEauntitle. ..
# EEEMEL: Time: 9998550 ns, Iteration: 4, Instance: fpdpl_chipfcpul, Process: line_ 18E.
%x |- # EERNEL: WARNING: There iz an "W 'Y "W |"Z° |-’ in an arithmetic operand, the result will be "% {es).
# KEEMEL: Time: 99989550 ns, Iteration: 4, Instance: Spdpl_chipfcpul, Process: line 186
# KEERNEL: WARNING: There iz an "U "X ["W ["Z° |- in an arithmetic operand, the result will be "¥° {e=).
# KEEENEL: Time: 9999550 ns, Iteration: 4, Instance: fpdpl_chipfcpul, Process: line_ 188,
# EEENEL: ztopped at time: 10 m=
-
B Conszole




# Lattice Diamond - Programmer - impllxcf
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i eForth Implementation

= Pdpl.fex

= Meta_pdpl.f
= Asm_pdpl.f

= Kernel_pdpl.f
= Ef _pdpl.f

= Pdpl.mem




€ Ci\VirialEquation\FE.exe Current dir=CAFE\F#Midi . G

File Edit Tools Help
Loading asm_pdp1.f -

assembler

reDef COMPILE-OHLY reDef IMMEDIATE reDef hi

machine code

m

% > Loading Kern _pdp1.f
kernel, system variables

reDef HLD reDef 5PAH reDef >IN reDef H#TIE reDef BASE reDef CP reDef COHTEXT reDef LAST reDef "EVAL
reDef tmp 38

macro words and inner interpresters

reDef doCOH reDef doUAR
kernel words

BRAHCH 63 reDef branch YBRAHCH 74 DOLIT 112 EXIT 125% vreDef EXIT DOHEXT 141 EXECUTE 151 reDef
EXECUTE
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AFT reDef HEXT

t 161 reDef * @ 172 reDef @ R> 208 reDef R> RE 212 reDef RE >R 223 reDef >R DUP 235 reDef DUP SWAP
245% reDef SWAP DROP 268 reDef DROP 5P8 267 reDef 5PO RPO 276 reDef RPO reDef FOR

+ 383 reDef + HOT 313 reDef HOT AHD 322 reDef AHD X0OR 332 reDef SOR OUER 343 reDef OUER HEGATE 348
reDef HEGATE

1- 367 vreDef 1- 1+ 374 reDef 1+ BL 481 reDef BL +t 312 reDef +t - 424 veDef - OR 434 reDef 0OR
COUHT 445 reDef COUNT 2= 457 reDef 2= 27 W66 reDef 2/
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B> 556 >B 683 SHRB8 633 SHLE o652
$ 812345 Loading ef pdp1.f
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rebDef USER HLD &78 rebDef HLD SPAH 676 reDef SPAH >IH 7083 reDef >IH #TIB 711 veDef #HTIB BASE 717 -




€ C\VinalEquation\F#.exe
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m_}l pdpl.mem - Notepad

File Edit Format View Help

#Format=AddrHex
#Depth=4096
#Width=18
#AddrRadix=3
#DataRadix=3
:308E6

14

: 31

132

33

: 34

: 8

:9E6

: 9DEB

: 9DB

10: 727
11:780

12: EFF
13:FFF

14: 123

15: 456
16:789
18:14015
19: 4013
1A:10014
1B: 15013
1C:10015
1D:14014
1E: 31014
1F:14015
20:A012
21:10016
22:15012
23:11015
24:14016
25:24014

HEOOQOO&WNREO




i Forth Virtual Machine on PDP1

= Hardware registers: AC, IO
= FVM registers: ac, ip, sp, rp, tos, tmp

= Inner interpreters:
next: ip idx ip () jmp
doLIST
EXIT
doVAR
doCON



i eForth Inner Interpreter

22 CONSTANT sp
23 CONSTANT rp
24 CONSTANT ip
25 CONSTANT ac
26 CONSTANT tos
27 CONSTANT tmp



i eForth Inner Interpreter

next:
doLIST:

EXIT:
doCON:
doVAR:

ip idx ip () Jmp

ac dac rp ddx ip lac rp () dac

ac lac ip dacip () jmp

rp () lac ip dac rp idx next

ac dac pushs ac () lac tos dac next
ac dac pushs ac lac tos dac next



i WORDS

:» WORDS ( --)
CR CONTEXT
BEGIN @ ?DUP
WHILE DUP SPACE .ID
1-
REPEAT ;;



2527 47522 42123 WORDS

620030
602457

600733

600172
600520
600074 4341
600235
602374
604233
600367
600063 4327
600125

doLIST
CR
CONTEXT
BEGIN
@

?DUP
WHILE
DUP
SPACE
ID

1_
REPEAT
EXIT
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i Demonstrations

: TEST112345;

: TEST2 CR ." HELLO, WORLD!" ;

: TEST3 IF 1 ELSE 2 THEN . ;

: TEST4 10 FOR R@ . NEXT ;

: TEST5 10 BEGIN DUP . DUP
WHILE 1- REPEAT DRORP ;



i Demonstrations

HEX from octal
O OUT turnon all LED’s
FE OUT turn on LED-1

IN read switches
IN read switches
IN read switches



Last Words

The easiest way
to design a CPU
Is the eForth way.



Questions?



+

Thank you very much.



